We calculate masses, production cross sections, and decay rates in the Two Higgs Doublet Model of type II. We also discuss running coupling constants and Grand Unification. The most interesting production channels are gg → h 0 , H 0 , A 0 on mass shell, and qq, gg → h 0 Z and qq ′ → h 0 W ± in the continuum (tho there may be peaks at m A 0 ). The most interesting decays are h 0 , H 0 , A 0 → bb-jets and τ + τ − , and, if above threshold, H 0 → ZZ, W + W − and h 0 h 0 . The following final states should be compared with the Standard Model cross section: bbZ, bbW ± , τ + τ − Z, τ + τ − W ± , bb, τ + τ − , ZZ, W + W − , 3 and 4 bjets, 2τ + + 2τ − , bbτ + τ − , ZW + W − , 3Z, ZZW ± and 3W ± . Mass peaks should be searched in the following channels: Zbb, ZZ, ZZZ, bb, 4b-jets and, just in case, Zγ.
Introduction
Among the extensions of the Standard Model that respect its principles and symmetries, and are compatible with present data within a region of parameter space, and are of interest at the large particle colliders, is the addition of a second doublet of higgs fields. In this article we consider the Two Higgs Doublet Model of type II [1] . The higgs sector of the Minimal Supersymmetric Standard Model (MSSM) is of this type (tho the model of type II does not require Supersymmetry). The physical spectrum of the model contains five higgs bosons: one pseudoscalar A o (CP-odd scalar), two neutral scalars H o and h o (CP-even scalars), and two charged scalars H + and H − . The masses of the charged Higgs bosons m H , and the ratio of the vacuum expectation values of the two neutral components of the Higgs doublets, tan β > 0, are free parameters of the theory.
In [2] we obtained limits in the (m H , tan β) plane using measured decay rates, mixing and CP violation of mesons. In this article we present graphically the corresponding limits on m H 0 , m h 0 and m A 0 . Then we calculate production cross sections, decay rates and branching fractions of the higgs particles. Next, we obtain the running coupling constants and discuss Grand Unification. Finally, in the Conclusions, we list interesting discovery channels.
(3)
We have re derived these equations in agreement with the literature. [1] In reference [2] we obtained the limits in the (tan β, m H ) plane shown in Figure 1 . From that figure and Equations 1, 2 and 3 we obtain the limits on the masses of the neutral higgs particles shown in Figure 2 .
Radiative corrections can be very large. In the MSSM the largest contributions arise from the incomplete cancellation between top and stop loops. The corresponding plot similar to Figure 2 with radiative corrections can be found in [6] .
Feynman rules
The Lagrangian for the V HH interaction is: [1] Figure 1 and the tree level Equations 1, 2 and 3. Radiative corrections raise the allowed region of h 0 . [6] where
The Lagrangian for the V V H interaction is:
There are no vertices
The interactions of neutral higgs bosons with up and down quarks are given by:
where f = u, c, t, ν e , ν µ , ν τ and
The Lagrangian corresponding to the H ± ff ′ vertex is:
where A ≡ (m f ′ tan β + m f cot β) and B ≡ (m f ′ tan β − m f cot β). V f f ′ is an element of the CKM matrix. The Lagrangian corresponding to three higgs bosons is: Vertexes with four partons including two Higgs bosons are
The
The higgs propagators are: i/ (k 2 − m 2 + iε). Feynman diagrams corresponding to the production of Zh 0 are shown in Figures 3, 4 and 5. Note that the invariant mass of Zh 0 can have a resonance at m A 0 which is an interesting experimental signature. Feynman diagrams corresponding to the production of W ± h 0 or W ± H 0 are shown in Figure 6 . 4 Decay rates of h 0 Calculating the Feynman diagrams of Figure 7 we obtain the decay rate corresponding to h 0 → gg:
where
(note that τ i will change from Section to Section), 
and 
Branching fractions of h 0
From the preceding decay rates we obtain the following branching fractions for the case m b , m c , m τ ≪ m h 0 < 120GeV/c 2 :
and
For 90 < m H < 1000GeV/c 2 , B h 0 → bb varies from 0.856 to 0.944. Neglecting B (h 0 → gg) and the contribution of cc we obtain
6 Decay rates of H ± The tree level Feynman diagram of Figure 9 gives the following decay rate:
Similarly from the Feynman diagrams of Figures 10 and 11 we obtain 
7 Decays of H 0 .
The tree level Feynman diagrams of Figure 12 give the following decay rates:
From the Feynman diagrams of Figure 13 we obtain
From the Feynman diagram of Figure 14 we obtain
From the Feynman diagrams of Figures 15 and 16 we obtain
Similarly, from the diagram of Figure 17 we obtain
From the Feynman diagram of Figure 18 we obtain
From the Feynman diagram of Figure 19 we obtain
The Feynman diagrams corresponding to
8 Decay rates of A 0 From the tree level Feynman diagram of Figure 21 we obtain From the tree level diagram of Figure 22 we obtain
where N f = 3 for quarks, N f = 1 for leptons, A f = cot β for f = u, c, t, and
From the Feynman diagrams shown in Figure 23 we obtain:
From the Feynman diagrams of Figure 24 we obtain the decay rate:
From the Feynman diagram 25 we obtain
From the Feynman diagram 26 we obtain
From the Feynman diagrams of 27 we obtain: 
The decay width of Equation 52 turns out to be negligible compared to the full width of Z so we can not use it to constrain the mass of h 0 .
Vertex with four particles
The decay rate corresponding to the Feynman diagram 29 is: where
11 Production of h Figure 30 we obtain
Here f q is the unpolarized parton distribution function for quark or anti-quark q and g is the parton distribution function for gluons. m 2 is the factorization scale. Γ(h 0 → gg) is given by (12), 
where f is q or g,
y is the rapidity, θ is the angle of dispersion, and p T is the transverse momentum of Z 0 . For the light quarks u, d and s we obtain
Coefficients in Equation (70) are given in Table 1 . The Standard Model cross section is obtained by omitting the factor sin 2 (β − α) in Equation (70). The contributions to the cross section from the heavy quarks c and b are negligible. Γ Z is the total decay width of the Z 0 . 
with N c = 3 for quarks, N c = 1 for leptons,
14 Production of h 0 W + X Let us now consider the channel pp → h 0 W + X. We obtain:
y is the rapidity of W + and p T is the transverse momentum of W + . From the Feynman diagrams of Figure 6 we obtain for ff ′ → h 0 W + :
partons tan(β) = 100 tan(β) = 10 tan(β) = 2 gg 0.20E+1 0. 
the Doublet model differs from the Standard Model by a factor sin 2 (β − α) (see Equation (70)) and it will be hard to obtain both m h 0 and tan(β). We are therefore interested in the production of h 0 Z on resonance. In particular pp → A 0 followed by A 0 → h 0 Z → bbl − l + where l = µ, e. A peak should be observed in the h 0 Z invariant mass. From Equation (61) we obtain the cross sections listed in Tables 2 and 3. Let us now consider the decays of A 0 . As an example we take
The corresponding branching fractions are listed in Table 4 . From Tables  3 and 4 we obtain a production cross section times branching fraction for the process pp → A 0 → h 0 Z of 0.018pb for tan(β) = 2, and 0.0045pb for tan(β) = 10.
From Equations (71) and (73) we obtain the production cross sections for pp → H + X shown in Table 5 . Other channels of experimental interest are the production of 3 or more b-jets as in Figure 33 . Some numerical calculations using the CompHEP program [8] are presented in Table 6 . partons tan(β) = 100 tan(β) = 10 tan(β) = 2 A → gg 3. 
Running coupling constants and Grand Unification
The coupling constants of the Two Higgs Doublet Model of type II are g s (µ) for SU(3), g(µ) for SU (2) , and g ′ (µ) for U(1). These coupling constants depend on the energy scale µ as follows:
where n F is the number of families of quarks and leptons, and n S is the number of higgs doublets. For the Two Higgs Doublet Model of type II considered in this article, n F = 3 and n S = 2. In terms of the elementary electric charge and the Weinberg angle,
The fine structure constant is α(m Z ) = e 2 (m Z )/(4π). Let us now assume that a Grand Unified Theory (GUT) breaks its symmetry to SU(3)×SU(2)×U(1) at the energy scale m x . At this scale we take
and obtain Some numerical results are presented in Table 7 . From the Table we conclude that the Two Higgs Doublet Model of type II is in disagreement with the measured value of sin 2 θ W (m Z ), and with the non-observation of proton decay (m x is too low). Raising the number of doublets to ≈ 7 would bring sin 2 θ W (m Z ) into agreement with observations, but m x is still too low. The MSSM with n S = 2 (which includes the Two Higgs Doublet Model of type II) is in agreement with both the observed sin 2 θ W (m Z ), and with the non-observation of proton decay.
Conclusions
One of the major efforts at the Fermilab Tevatron in Run II, and at the future LHC, is the search for the Standard Model higgs h SM . The four channels with largest production cross section are [6] gg → h SM ,′ → h SM W ,→ h SM Z and→ h SM qq. The decay modes of h SM with largest branching fraction [6] are bb for m h 137GeV and W + W − for m h 137GeV. The search for the Standard Model higgs will also constrain or discover particles of the Two Higgs Doublet Model of type II.
The most interesting production channels are gg → h 0 , H 0 , A 0 on mass shell, and qq, gg → h 0 Z and′ → h 0 W ± in the continuum (tho there may be peaks at m A 0 ). We have discussed the masses of the higgs particles in the Two Higgs Doublet Model of type II, and have calculated several relevant production and decay rates. We have also discussed running coupling constants and Grand Unification. If the Two Higgs Doublet Model of type II is part of a Grand Unified Theory, then it does not agree with the observed sin 2 θ W nor with the non-observation of proton decay. The MSSM with n S = 2 (which includes the Two Higgs Doublet Model of type II) is in agreement with both the observed sin 2 θ W (m Z ), and with the non-observation of proton decay.
